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Abstract--Wireless sensor network is a network system that 
deploys hundreds of wireless sensor nodes that can communicate 
with each other to detect, for example temperature, moisture, 
light, pressure, and etc. Knowing the location of the sensor node is 
critically important in specific applications. For example in asset 
management, the known location of individual sensor nodes which 
report event can reduce the time taken to locate and resolve faults. 
Having the ability to locate devices automatically can help to 
reduce the installation time and costs. This paper reviews and 
evaluates a variety of positioning techniques for wireless sensor 
network. For any positioning algorithms, raw signals captured 
between the transmitter and receiver (such as received signal 
strength, time of arrival and angle of arrival) are used and 
converted into distance information. In the paper, positioning 
algorithms based on time of arrival, received signal strength and 
fingerprinting are evaluated and comparisons of experimental 
results are showed.   
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I. INTRODUCTION 
Wireless sensor network [1] is a network system that deploys 
hundreds of wireless sensor nodes in a predefined area that can 
communicate with each other to perform monitoring tasks. 
Wireless sensor node comprised of low cost and low 
specification hardware aimed to drive down the manufacturing 
cost and hence can be applied in mass quantity. Recently, the 
application of WSN technology has extended to various 
domains such as military [2], habitat [3], agriculture [2], and 
commercial [4]. Some of the applications, knowing the location 
of the sensor nodes are critically important. For example, in 
wild fire monitoring, the location of individual sensor nodes 
which report detected an outbreak will help the authority to 
pinpoint the location of the fire.  
In general, location positioning systems can be categorized 
into three different types. The first type is the finder system [5] 
which is mainly used to provide information to locate a person 
or an asset. For instance, a RFID (radio-frequency identifier) 
system is commonly used in a warehouse or library, which can 
help the user to search the cargos or books required. The 
second type is the tracking system [5], for example a 
satellite-based GPS system, which is used to detect the location 
of the user to offer the information such as traffic transport, 
route guidance. The third type is the logger system [5] which is 
often used in the company to record the status of a workflow. 
Sometimes the location of a cargo is a good indication which 
can be used to tell the condition of the whole procedure and a 
logger can helps to detect the fault and improve the efficiency.  
The challenge in location mapping for the wireless sensor 
network is the limitations of hardware. In general the sensor 
node is only equipped with a single omni-directional antenna in 
which as a result any algorithm that relied on angle of arrival 
(AoA) is made obsolete. On the other hand, the time of arrival 
(ToA) algorithm is based on the propagation delay of the 
transmitting signal from the transmitter to the receiving node. 
The radio signal propagation speed is close to light velocity 
which means the propagation delay could be too small to 
recognize by using a low end microcontroller.  
The rest of this paper is structured as follows, in section 2 
the location positioning technology is illustrated based on the 
metrics of time of arrival and received signal strength. Then 
experimental setup and result are presented in section 3 and 
finally our paper concludes in section 4. 
 
 
II. LOCATION POSITIONINGS 
The unique features of wireless sensor network i.e. low 
specification hardware, limited computation power, and short 
radio communication link have confined location mapping 
algorithms to those that derived location information from time 
of arrival (ToA) and received signal strength (RSS). In general, 
these two metrics are required further processing to calculate 
the location by using algorithms such as triangulation or 
fingerprinting. 
The triangulation method can be categorized into angulation 
and lateration. Angulation is the process of determining the 
location of a point by measuring angles to it from known points 
at either end of a fixed baseline [6]. Lateration makes use of at 
least three access points (APs) of known location and three 
distances from these points to find out the intersection area or 
point [7].  
The fingerprinting algorithm is comprised of two phases: 
offline phase and online phase. During the offline phase a 
database is established through a series of surveys. And the 
online phase allows a real-time location mapping to be made 
by comparing the received signal metric with the values in the 
database. The location will be determined by matching the 
received signal to the best fit recorded value in the database. 
 
2.1 ToA based algorithm 
This scheme is based on estimating the time delay for a 
signal travelling from a mobile device to at minimum of three 
access points (APs). The travelled distances can be calculated  
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Figure. 1 Comparison between experiment and theoretic value for ToA. 
 
by multiplying the time delay by the phase velocity of the 
signal then the final position can be derived by using lateration 
algorithm.  
Compared to RSS and AoA, ToA metric performs better in 
terms of accuracy [5] but it is always difficult to meet the 
requirements of ToA as the phase velocity of the signal is near 
the speed of light. The difference of time delay is too small and 
it is not always can be detected by low specification hardware. 
For instance, even 1 nano second of time error will result in 0.3 
meter of location error. 
In order to evaluate the capability of the wireless sensor 
node in processing time unit experiments has been conducted. 
A point to point transmission is setup to detect the time delay 
of the travelling signal and try to determine the correlation of 
the delay and the transmission distance. Two MICAz [8] nodes, 
with 250 kbps transmission rate, are used as the transmitter and 
the receiver. From the transmitter, a packet with 128 bytes in 
length is sent to the receiver when the receiver received the 
packet it will immediately relay the packet back to the 
transmitter. Therefore, the transmitter can calculate the 
round-trip delay by getting the variation of the packet 
transmitted time and the packet received time. On the other 
hand, in the mathematic calculation, the delay is comprised of 
two phases: the transmission delay and propagation delay. The 
transmission delay is the packet length divided by its 
bandwidth, where the value would be 8192 microseconds. The 
propagation delay is increasing with its proceeding distance, 
which is small because of the light velocity. The comparison 
between the theoretic value and experiment result is shown in 
Figure 1. 
The figure shows the theoretical values of the time delay for 
a packet travels to various distances alongside of the time 
delays obtained from experiment. From the figure, with the 
increases of distance, theoretic time delay only increases 
several nano-seconds. On the other hand, the experimental 
results are fluctuated due to the multipath effect and the 
amount of time differences will lead to significant error of 
distance. For example, at the point of 80m the difference of 
time delay value between the experiment and theory is 300 
micro-seconds, which indicates 10,000 meters away from the 
point where the node is set. From this experiment, a conclusion 
can be made in which ToA is not suitable to apply for location 
mapping in WSN system. As the hardware structure of WSN is 
not capable to process time unit in nano second granularity.  
 
2.2 RSS based algorithm 
In an ideal radio propagation environment, the radio signal 
travels in direct line between a transmitter and a receiver. This 
propagation can be modelled by using free space model [9]. In 
general, with the increasing of the transmission distance the 
received power strength is decreasing. However, for indoor 
environments where the signal is obstructed or reflected by the 
wall or hard surface material, the result becomes unpredictable 
and complicated. Reflection is a critical factor in an indoor 
environment in which radio waves typically encounter 
obstructions which is larger than the wavelength. Depending 
on the angle it hits, radio rays are reflected away and the 
reflections are varied with different radio frequencies. In 
addition, when the wave hits the edge of a building or a wall, it 
will cause diffraction in which makes the radio signal reaches 
the receiver with non-line-of-sight (NLOS) propagation. The 
other factor needed to be considered is scattering in which 
radio waves hit the coarse surface of the wall or furniture 
whose dimension is close to the radio wavelength as a result 
the rays will scatter in all directions [5]. All of these become 
critical issues in considering a proper RF propagation model. 
 
2.2.1 Triangulation based on RSS 
Triangulation is based on a propagation model to map the 
path loss of the signal strength to the travelling distance from 
the transmitter to at least three access points (APs) then 
Lateration algorithm is used to calculate the position. However, 
radio propagation in an indoor environment always subject to 
multipath and other attenuation factors, the theoretical path loss 
model can not provide a good estimation. The accuracy of this 
method can be improved by utilizing the premeasured RSS 
contours contoured at receiver or multiple measurements at 
several base stations [10]. 
An experiment is set up to find out the relationship between 
RSS and the proceeding of the distance. The signal strength is 
recorded at both transmitter and receiver sides, which is 
illustrated as dot and cross respectively in Figure 2. From all 
these samples, two logarithmic regression curves shown as 
dashed line on the figure is used to fit all these points. In 
statistics, nonlinear regression is a form of regression analysis 
in which observational data are modelled by a function which 
is a nonlinear combination of the model parameters and 
depends on one or more independent variables [11]. This 
method is a successive approximation to fit all the data. 
There are various propagation models for radio-frequency 
propagation in different environment. For indoor environments 
where the signal is obstructed or reflected by the wall or hard 
surface material, multipath effects need to be taken into 
consideration. Here the one-slope log-distance model [14-16] is 
used which is defined as: 
          )(log10)( 10 dnAdPL += ,           (1) 
where A denotes the path loss intercept, n is the path loss 
exponent which describes how fast the path loss increases with  
            
 
Figure. 2 Regression curve of Receive signal strength samples and the 
log-distance model 
 
distance. In the experiment, A is set to be -60dBm according to 
the premeasured records and n is defined as 1.8. The line of 
one-slope log-distance model is best fit to the regression curve 
derived earlier, which means it is the optimized model to be 
used to convert the received signal into distance. 
 
2.2.2 RF fingerprinting 
Fingerprinting scheme operated in two phases: offline phase 
and online phase.  
A. Offline phase 
During the offline phase, the valid area is divided to many 
grids according to the RSS variance or distance variance and 
for each grid the reference point is set in the centre. The RSS 
value for each reference point with the known location is 
collected as a “radio map” and a database is established based 
on it. To overcome the channel variation, multiple signal 
strengths are collected.  
 
B. Online phase 
During the online phase, RF fingerprinting uses the received 
RSS to match the offline “radio map” and derive the location. 
Nearest-neighbour is a commonly-used algorithm which is 
based on Euclidian distance metric to detect the best matching 
strength value to the observed RSS. The Euclidian distance [17] 
is given as: 
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where Dk is the factor which presents the distance from mobile 
node to base station, xi is the observed RSS of base station i, xik 
is the RSS in database of base station i, k is the number of the 
RSS in database, and n is the number of the base station.  
The performance of RF fingerprinting can be further 
improved by using K-Nearest-Neighbour (KNN) algorithm. In 
the online phase, instead of taking the only one closest 
reference point, KNN is applied to compare k closest points 
from the database to indicate the estimated position. Then 
through these estimated points, the simplest approach is to 
declare the average of these coordinates to find out a more 
accurate location. A higher accuracy level of fingerprinting can 
be achieved by using KNN but the overall result it still highly 
depending on the accuracy of relate signal strength in database.  
 
 
III. EXPERIMENTATIONS 
A series of experiments has been conducted to evaluate the 
above location mapping scheme with wireless sensor platform. 
The experiment is conducted in an 18 x 8 meter laboratory in 
which the space is divided into 1 x 1 meter grids. As a result, 
there are in total 144 grids. Four base stations are set at each 
corner of the lab. The transmitter and receiver are both 
comprised by MICAz [8] nodes.  
An offline survey is firstly conducted to develop a signal 
reference database for fingerprinting scheme. In the survey, a 
transmitter is placed in each grid and from where it transmits 
300 packets. These packets are received by the base stations 
which then abstract the received signal strength and store the 
average value into a database. In the online phase, the node is 
randomly placed in the lab and it is set to transmit 100 packets 
from that location. Afterwards, the average RSS value uses 
Euclidian distance equation to find the best matching 
coordinate of the point. And fingerprinting with KNN chooses 
three best matching coordinates and makes an average to get 
the final position. For Triangulation based on RSS scheme, the 
signal strength is converted into distance by using the 
one-slope log-distance model analyzed in section 2.21. Then 
the intersection points are located by using lateration algorithm. 
The observed point’s coordinate is derived by averaging all of 
the common points.  
Figure 3 gives Cumulative Distribution of Estimation Error 
(CDE) [17] with estimated error distance, which shows the 
accuracy of different positioning technique. From this figure, 
the curve of fingerprinting with KNN shows that it is has better 
accuracy. The error distance at +/-4m, the CDE of 
fingerprinting (KNN) is 0.3, which means there is larger 
percentage of points having the accuracy within 4 meters. At 
one meter error distance, the triangulation line performs the 
best. That because the triangulation technique has a good 
performance if there is a line of sight between the base station 
and mobile node. Figure 4 is the mean distance error (MDE) 
[18] of different location algorithms. The equation is given by: 
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where (x,y) indicates the estimation coordination and (xi,yi) 
means the true location of grid in the laboratory. This figure 
makes use of the MDE to compare the error distance of each 
algorithm. It is obvious that the fingerprinting (KNN) has the 
smallest MDE distance, which is only 2.92 meters. Compared 
to other two algorithms, it decreases the error distances by 22 
percent and 18 percent respectively. 
 
 
IV. CONCLUSION 
This paper investigates the possibility of using some of the 
common positioning algorithms for wireless sensor network. 
Through the experiment, the fingerprinting algorithm performs 
better than triangulation. The K-nearest-neighbour algorithm  
            
 
Figure. 3 Cumulative distribution of estimation error 
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Figure. 4 Mean distance error distribution 
 
can improve its location accuracy. The triangulation based on 
RSS suffers from multi-path propagation, shadowing and non 
line-of-sight problems. Although Fingerprinting has a better 
immunity to these RF problems, a huge database to store the 
data is required which will cost time and resources. 
Fingerprinting also needs to consider the issues such as: 
transmission power of the mobile node, environment changes, 
and human interference. 
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